Seafood species vary in their health benefits (e.g., from omega-3 fatty acids) and risks (e.g., from methylmercury or polychlorobiphenyls). Reflecting these risks and benefits, multiple public and private organizations offer guidance to consumers on seafood consumption. The effect of this guidance is unknown; previous literature has been unable to disentangle the effects of messages with differing health information, provided by different sources, on demand for different types of seafood. The result is ambiguity regarding the drivers of observed changes in seafood demand. This study investigates the effect of health risk and benefit information on preferences for wild and farmed salmon and swordfish, three species targeted by consumer guidance. The analysis applies an experimental auction with seafood consumers informed by a Bayesian risk-learning model. The model provides a systematic way to disentangle effects on seafood demand, for example, by evaluating whether changes in demand for different species are due to information content or source. Using this approach, we test the effect of guidance provided by four different public and private groups in the United States. Difference-in-difference tests find no impact of health benefit information regardless of source or message, but find multiple effects of health risk information that vary across different types of guidance. These findings suggest that current guidance does not improve consumers' ability to balance health risks and benefits. We also identify potential avenues to improve the efficacy of this guidance.
could be harmed by consuming fish with high mercury content, yet could also benefit from greater consumption of fish high in omega-3s (Mozaffarian and Rimm 2006; Nesheim and Yaktine 2007) . 1 Previous literature has shown that information or guidance focusing on health risks may cause declines in seafood consumption, even for species that are not subject to advisories or are identified as healthy substitutes (Oken et al. 2012) .
2 For example, Shimshack, Ward, and Beatty (2007) use data on canned fish expenditures from the U.S. Consumer Expenditure Survey to determine the effect of the 2001 FDA advisory to limit consumption of certain species of seafood associated with high methylmercury content. Results indicate significantly reduced canned fish purchases after the release of the advisory. Using household-level consumer panel data from Information Resources, Inc. (IRI), Shimshack and Ward (2010) similarly find that demand for all seafood declined after the release of the FDA advisory relative to the period prior to the release. Demand decreased for not only seafood products identified as high in mercury content, but also for products high in omega-3 fatty acids and identified by the advisory as healthy substitutes. In contrast, the seafood diary analysis of Roosen et al. (2009) finds that the provision of a researcher-designed advisory (focusing on mercury risk) caused only limited reductions in demand for a subset of seafood products, and that many participants failed to follow consumption guidelines.
Findings such as these suggest that consumers may have difficulty making risk/risk trade-offs (Viscusi 1994) , such as choices that balance the health benefits of seafood consumption (yielding reduced risk of cardiovascular and other diseases) with the health risks (from contaminants such as polychlorobiphenyls (PCBs) and methyl-mercury; Oken et al. 2012 ). This inability may be due to a lack of consumer familiarity with seafood risks and benefits (Yeung and Morris 2006; Nesheim and Yaktine 2007) , or a tendency to misattribute risks associated with some products to all seafood (Leiss and Nicol 2006; Nesheim and Yaktine 2007; Hicks, Pivarnik, and McDermott 2008; Shimshack and Ward 2010) . 3 The economics literature provides little direct evidence on this issue; most research seeks to quantify the effect of advisories or events that focus attention primarily on health risks (e.g., Jakus, McGuinness, and Krupnick 2002; Parsons et al. 2006; Shimshack, Ward, and Beatty 2007; Roosen et al. 2009; Shimshack and Ward 2010) . However, for most seafood the concern is not merely that consumers avoid high-risk products, but that they balance benefits and risks when choosing across multiple species (Shimshack and Ward 2010) . It is also possible that advice given to specific groups of at-risk consumers (e.g., health risk advisories for pregnant women) might lead to unintended effects on the consumption choices of other groups (e.g., male consumers). For these and other reasons, a recent National Academies study concluded that ". . . research is needed to develop and evaluate more effective communication tools for use when conveying the health benefits and risks of seafood consumption," (Nesheim and Yaktine 2007) .
Explicit evaluations of the effect of risk balancing on seafood demand are sparse. In one of the few analyses to evaluate consumer reactions to combined health risk and benefit information, the experimental study of finds that health benefit information is only effective if offered in isolation from health risk information. A similar analysis finds that consumers react to combined 1 For example, consumption of fish high in omega-3 fatty acids is associated with both cardiovascular and neurological health benefits (Mozaffarian and Rimm 2006; Nesheim and Yaktine 2007) . 2 As one reviewer pointed out, environmental organizations increasingly provide direct and indirect seafood consumption advice to consumers, for example, via the use of ecolabels and purchase advisories. This advice largely reflects environmental considerations associated with fisheries and aquaculture production for various species. Effects of these efforts on consumer decision making have been studied extensively in the literature (see, e.g., Wessells, Johnston, and Donath 1999; Johnston et al. 2001; Johnston and Roheim 2006; Roheim, Sudhakaran, and Durham 2012; Oken et al. 2012; Uchida et al. 2013) . Generally, sustainability and health advisories are not interrelated or provided concurrently. Therefore, our study isolates the analysis of health advisories from potential effects of other information treatments. 3 Certain population groups are more vulnerable to seafood risks, depending upon the type of risk. These groups may include the very young, the very old, immune compromised individuals, or pregnant or nursing mothers. However, regardless of population group, consumers often demonstrate inaccurate risk perceptions related to the health benefits and risks of different types of seafood, leading to misinformed or non-optimal purchase behavior. For example, there is a demonstrated tendency of consumers to weight potential risks more heavily than potential benefits (Yeung and Morris 2006) . information by reducing demand for higherrisk seafood. However, the direct relevance of these studies for public and private agency consumption advisories is constrained by an inability to disentangle the effects of different health information, provided by different sources, on demand for different types of seafood. The experiments in and , for example, evaluate the demand for one riskier product (canned tuna) and one healthier product (canned sardines), as influenced by custom-designed information provided by the researchers without an identified information source. Roosen et al. (2009) and Shimshack and Ward (2010) also study the effects of a single-source advisory.
4 Although studies such as these provide relevant information, they overlook evidence that the effect of information on beliefs and behaviorincluding seafood purchase behavior-often varies according to the information source (Viscusi 1997; Johnston et al. 2001; Gayer, Hamilton, and Viscusi 2002) . Studies of single advisories (or information with no identified source) hence provide somewhat limited insight into the general ability of consumer guidance to encourage risk balancing, and whether/how the effects of consumer guidance depend upon the source.
In summary, the extant literature provides indirect evidence suggesting that current advisories may be insufficient to motivate seafood consumption that balances health risks and benefits Roosen et al. 2009; Shimshack and Ward 2010) . However, past research is unable to distinguish the effect of information source and content, and the information content that has been evaluated is often distinct from that in advisories provided by public and private agencies. These combined factors lead to ambiguity regarding implications for consumer behavior in actual markets, where advisories are issued by different public and private groups and include different types of information. Responding to these gaps in knowledge, this article addresses three related questions that remain unanswered by the literature: (a) does the information currently available to the public promote seafood choices that balance health risks and benefits; (b) are effects on the demand for different seafood species (if they are observed) due primarily to the information content, or the information source; (c) what do these findings imply for the efficacy of seafood consumption advisories issued by different public and private groups?
Our analysis applies an experimental auction with seafood consumers informed by a theoretical model of Bayesian risk learning, explicitly designed to distinguish the effects of information source and content (Viscusi and O'Connor 1984; Viscusi 1997) . Experimental market auctions provide ideal means to explore effects of information on consumer choices, controlling for potentially confounding factors that can influence studies of market data (Fox, Hayes, and Shogren 2002; Lusk et al. 2004; Lusk and Coble 2005; Uchida et al. 2013) . Grounded in this model, we analyze consumers' revealed preferences for seafood species with distinct risk and benefit profiles, with bids elicited subject to multiple information treatments, as well as a control with no information provision. Information treatments are drawn directly from advisories developed by the FDA and EPA (EPA 2004) , the National Fisheries Institute and Food Marketing Association (National Fisheries Institute 2010), food scientists at Purdue University (Santerre 2014) , and a National Academy of Sciences (NAS) panel (Nesheim and Yaktine 2007) . Each treatment has a different emphasis on risks versus benefits and targets a different set of seafood products. The experimental design also allows the effect of information treatments alone to be isolated from the effect of the same treatments with an identified source.
The resulting data enable a suite of hypotheses to be tested related to the effect of information treatments and sources on consumers' willingness to pay (WTP) for different seafood products. Difference-indifference (DiD) estimation controls for common trends in treatment and control groups, thereby isolating the effect of the alternative treatments. Findings provide insight into the effect of information treatments across multiple sources on consumers' seafood choices, the comparative relevance of health risk and benefit information, and the relative importance of information content versus source.
Background
The emerging consensus from the medical literature on risk/risk trade-offs is that greater consumption of seafood is warranted for most groups (Nesheim and Yaktine 2007). 5 Consistent with this finding, the USDA recently recommended that pregnant and nursing women consume at least eight to twelve ounces of a variety of seafood per week as part of a well-balanced healthy diet. The recommendation for men and other adult women was to increase consumption to eight or more ounces per week (less for young children), or about 20% of total recommended intake of protein foods (USDA and HHS 2010) . It has been estimated that increased consumption of fish high in long-chain omega-3 fatty acids would reduce the incidence of deaths from sudden cardiac arrest by 36% among Americans (Mozaffarian and Rimm 2006) . Zipes and Wellens (1998) report that sudden cardiac arrest kills between 300,000 and 400,000 in the United States each year.
To help promote informed seafood consumption and risk/risk tradeoffs across a variety of seafood products, public and private organizations have developed informational materials for public distribution. Although these materials draw from similar underlying scientific guidance (often re-packaging the same federal agency and/or scientific advice), each organization places different emphasis on risks, benefits, and particular seafood products. For example, U.S. federal agencies may disagree over the content of seafood consumption advisories, leading to different areas of emphasis in guidance provided to consumers (Shimshack and Ward 2010) .
Amidst these competing informational materials and advisories, it is unclear to what extent the different emphases on risks and benefits, and variations in the source of information, influence consumers' seafood choices and whether these influences reflect a more reasoned balance of risks and benefits. To address these issues, the present analysis considers the effect of multiple advisories with different information content and sources. The model and experiment were designed to disentangle the potentially distinct effects of information content and source. The four information treatments tested in this study were chosen based on: (a) their association with well-known and generally reputable public and private sources; and (b) their focus on different species and different aspects of health risks and benefits. The studied guidance and sources were as follows: (Santerre 2014 ; henceforth referred to as University information). This card identifies specific seafood species as the best choices for healthful consumption (lowest in mercury and highest in healthy fats), and specifies the number of recommended ounces of consumption per week for pregnant and nursing women for species low, moderate, and high in mercury.
An informational graphic created by the National Academy of Science (Nesheim and Yaktine 2007 ; henceforth referred to as NAS information). This bi-directional bar chart indicates the average level of both mercury and omega-3 within many common seafood species. The graphic allows the data to speak for themselves, without making specific consumption recommendations. The species are ranked in descending order of omega-3 content.
Drawing from these underlying information treatments, the effects of information content versus source are evaluated using a controlled experimental seafood auction with DiD model estimation, underpinned by a Bayesian risk learning model that accounts for differential effects of information content and source.
Bayesian Risk Learning Model
The theoretical model underlying the analysis is developed following the prior literature on Bayesian risk learning (Viscusi and O'Connor 1984) , in which the price of a multi-attribute good (here, a seafood product) is modeled as a hedonic function of attributes including the perceived risk of a negative health outcome (Davis 2004) . This perceived risk is updated either fully or partially as new information becomes available. The model is adapted from prior approaches used to evaluate the impact of health risk information on housing prices (Gayer, Hamilton, and Viscusi 2002) , with alterations to address the specific context of seafood purchases. Here, we define a negative health outcome as any undesirable or "bad" health event (e.g., heart disease, neurological damage) related in some way to seafood consumption, where the objective probability of such an outcome is negatively associated with omega-3 consumption and positively associated with methylmercury consumption. Parallel to the repeat-sales approach of Gayer, Hamilton, and Viscusi (2002) and Davis (2004) , we estimate the model using a DiD approach to sweep out factors that are time-invariant or share common trends both pre-and post-provision of risk information. This allows us to isolate the price difference associated with the treatment of interest (Athey and Imbens 2006; Shimshack, Ward, and Beatty 2007; Uchida et al. 2013) .
Following Roheim, Asche, and Santos (2011 ), Sogn-Grundvå g, Larsen, and Young (2013 , 2014 , and Asche et al. (2015) , we begin with a general-form hedonic model of seafood prices, in which we specify the price of a seafood product j at time t as a function of its attributes
where w jt may also be interpreted within the hedonic framework as marginal willingness to pay (WTP). Following Gayer, Hamilton, and Viscusi (2002) , we split these attributes into Z j , a vector of non-risk attributes (e.g., product type, freshness, labeling, etc.), and Risk jt , defined as the perceived risk of a negative health outcome potentially influenced by seafood consumption. We assume that @w jt =@Risk jt < 0, reflecting a negative anticipated impact of undesirable health outcomes on utility. Unlike traditional hedonic analyses, here we estimate WTP directly using a controlled experimental auction with seafood consumers. However, the general form of the price function in equation (1) is unaffected. We formalize the associated Bayesian risklearning model following Viscusi and O'Connor (1984) , Viscusi (1997) , and Gayer, Hamilton, and Viscusi (2002) . The consumer's prior risk beliefs (i.e., the probability of a negative health event perceived by the consumer at t ¼ 0) are given by p, with information weight u 0 . In intuitive terms, p may be thought of as the perceived probability of a negative health outcome, whereas u 0 is the weight of information upon which this belief is based. Consumers update p based on new risk information q S provided at t ¼ 1, where q S has information weight n 0S , and S subscripts different possible information treatments. Different treatments S may imply different q S and have different information weights n 0S , for example, depending on the content and source of the information. Posterior risk beliefs, p S , are hence given by (cf., Gayer, Hamilton, and Viscusi 2002) :
Þ is defined as the proportion of total informational content associated with the prior risk belief, (1 À u S Þ is then interpreted as the proportion associated with the new risk information. Equation (2) may hence be restated as
The change in risk beliefs between t¼0 and t¼1 is given by
Linking equation (4) to equation (1), p S Àp corresponds to Risk j1 À Risk j0 , or the change in Risk jt . If the consumer updates beliefs completely, then u S ¼ 0 and perceived risk at t¼1 is q S . The change in perceived risk hence collapses to ðq S À pÞ (Gayer, Hamilton, and Viscusi 2002) . If the consumer places all confidence in the prior (i.e., does not update), then u S ¼ 1 and perceived risk at t¼1 is p. The change in perceptions is zero.
The above model provides a mechanism to account for the potentially distinct effect of similar information content delivered by different sources (e.g., a government agency advisory versus a non-profit organization). To develop this aspect of the model, we follow Johnston et al. (2001) and consider information treatments as being comprised of two distinct components: the raw information content and the information source, where the trust or weight given to the same information may vary by source. To formalize these two components we specify each information treatment S ¼ S ig , where i indexes the information content and g indexes the source. We further assume that q S is primarily determined by the information content (subscript i), whereas the weight given to the information (u S ) is primarily determined by the information source (subscript g). In this way, equation (4) provides a means to distinguish the effect of information content and source on risk perceptions.
This model informs the hypotheses to be tested empirically using the experimental auction described below. All hypotheses relate to the effect of different information treatments on w jt . Here, we cannot observe Risk j1 or Risk j0 directly; these are risk perceptions known only to the consumer. This is a common feature of models of this type (cf., Gayer, Hamilton, and Viscusi 2002; Smith and Johnson 1988) . We can, however, observe whether and how w jt changes in response to the provision of information treatments S ig , where each S ig communicates or infers a potentially different q S with information weight n 0S : Given @w jt =@Risk jt < 0, a positive change in price (w j1 À w j0 > 0Þ implies a negative change in perceived risk (Risk j1 À Risk j0 < 0Þ, and vice versa. Hence, the responsiveness of price to information treatments provides insight into whether these treatments influence perceived risk, and the direction of this effect. Within this framework, a health benefit is interpreted as a reduction in health risk, and vice versa. Given this model, we investigate the following research questions (RQ).
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RESEARCH QUESTION 1 (RQ1) Does an information treatment S ig influence w jt for each seafood species j, what is the direction of this impact, and what does this imply for consumers' use of information about health risks and benefits (i.e., whether and how consumers update risk perceptions)? Each information treatment combines information on health benefits and risks in different ways, such that w j1 À w j0 may be positive, zero, or negative for different species j.
RESEARCH QUESTION 2 (RQ2) Is the effect of each individual information treatment identical across species, and are effects on species identical across information treatments? That is, do consumers distinguish between different information treatments and species when updating perceptions in response to health risk and benefit information?
RESEARCH QUESTION 3 (RQ3) Is the change in risk perceptions, and hence the effect on w jt; dependent both on q S and u S , as determined by information treatment S ig ? By contrasting the effects of information treatments provided both with and without an identified source, we can evaluate the extent to which u S is influenced by the source of information, and implications for the effect on WTP.
Investigating these questions requires that the effects of perceived risk changes be isolated from those of other time-varying seafood attributes. To accomplish this, we rely on an empirical DiD approach (Athey and Imbens 2006; Shimshack, Ward, and Beatty 2007; Hallstein and Villas-Boas 2013; Jardine, Lin, and Sanchirico 2014; Blomquist, Bartolino, and Waldo 2015) grounded in the above theoretical model. As above, let w j0 and w j1 represent WTP for seafood product j pre-and post-information treatment. Let w c j0 and w c j1 represent parallel WTP for a control group over the same two experimental periods, where no information treatment is provided. If we assume that the two groups (treatment and control) are randomly drawn from the same underlying population (i.e., they are otherwise equivalent), then the effect of the information treatment alone may be calculated as
), allowing hypotheses derived from the above research questions above to be tested. 8 
Auction Experiment
We evaluate these issues using a field experiment that auctioned vouchers for seafood under systematically-varying information treatments (e.g., Fox, Hayes, and Shogren 2002; Uchida et al. 2013) . Behavior observed in controlled experimental settings may not precisely match behavior in actual markets (Shogren et al. 1999 ). However, a controlled experimental approach enables the analysis to provide direct and detailed evidence on the efficacy of current seafood consumption guidance (that addresses both health risks and benefits), while simultaneously avoiding potentially confounding effects that are present in virtually all analysis using observed market data (e.g., Shimshack and Ward 2010) .
Grounded in the theoretical model presented above, the seafood auction was designed using an experimental, second-price sealed-bid format (Fox et al. 1998; Lusk et al. 2001; Loureiro, McCluskey, and Mittelhammer 2002) . Three different types of fresh seafood products were used within the experiment: wild salmon, farmed salmon, and swordfish. These products were chosen based on their frequent coverage in seafood consumption advisories related to omega-3 content, mercury content, or other health risks/ benefits (Santerre 2004; Willett 2005; Leiss and Nicol 2006; Nesheim and Yaktine 2007) . In contrast to previous studies, swordfish was chosen over tuna due to its familiarity as a fresh product (as is fresh salmon) to consumers in our study area (Rhode Island). Previous research has shown that consumers are better able to make choices over seafood products when they are familiar with the products (Wessells, Johnston, and Donath 1999; Johnston and Roheim 2006) , matching prior findings for other types of choice behavior (LaRiviere et al. 2014) .
The choice of both farmed and wild salmon was intentional, as both are very low in mercury and very high in omega-3 fatty acids (Mozaffarian and Rimm 2006) . 9 However, unlike wild salmon, farmed salmon has suffered from negative publicity related to cancer-causing organic contaminants such as PCBs (e.g., Hites et al. 2004a Hites et al. , 2004b . While the media have often overemphasized the relative increase in cancer risk from PCBs compared to the reduced risk of cardiac arrest from omega-3s (Santerre 2004; Willett 2005; Mozaffarian and Rimm 2006) , this publicity has nonetheless decreased farmed salmon consumption in the United States (Sha et al. 2015) . Thus, farmed and wild salmon represent similar products with different perceived risk/benefit profiles. Moreover, farmed salmon represents a case in which consumer guidance materials present a perspective on health impacts that differs from the prior beliefs of many consumers, presenting an ideal opportunity to test the extent to which consumers update risk perceptions based on new information. Swordfish, by comparison, contains moderate amounts of omega-3s but has a relatively high mercury content. Hence, it is often highlighted as a species to avoid for some targeted populations by consumer advisories. Swordfish is also harvested locally in New England, and so is familiar to and popular with Rhode Island consumers.
Vouchers were auctioned in the experiment rather than actual seafood samples, with each voucher good for one pound of wild salmon fillet, farmed salmon fillet, or swordfish steak from a locally-owned supermarket chain. 10 The use of vouchers was purposeful; in addition to avoiding raw food handling issues, it ensured that results would not be confounded by the immediacy with which certain fresh seafood products should be consumed and potentially varying visual product appearance over the study time period. Given the use of the DiD approach, effects of using a voucher vis-a-vis actual product should be minimized. That is, while the level of bids might be affected by the use of vouchers, the difference in bids between information treatments may reasonably be assumed to be unaffected.
Experimental Design
The experiments were structured as follows (see figure 1 ). An instruction sheet was first distributed and read aloud to all participants.
11 Participants were then given a short quiz to ensure that they understood the auction and purchasing mechanisms. Participant understanding and familiarity with the auction mechanism were further confirmed through three practice auction rounds, using a candy bar as an auctioned item. Color images of a typical wild salmon fillet, farmed salmon fillet, and swordfish steak were distributed to each participant during the auction rounds; this was done to ensure similar perceptions of the product and product quality across respondents.
There were six seafood auction rounds in each session. In each round, participants bid on all three products (i.e., three bids per round). Rounds 1 and 2 were conducted without any information intervention to capture the baseline WTP of participants. After the second round, participants were provided with selected information content, without source, followed by bidding rounds 3 and 4. Participants in different sessions were provided with information from different sources, as discussed above. After the fourth round, the information source was revealed, and participants then completed the last two rounds of bidding.
A "No information" treatment was also included as a control against all other treatments. Under this treatment, participants bid for six rounds without any information interventions. This treatment is necessary to control for learning, fatigue, or other sequencing effects over the six rounds. Table 1 provides a summary of each information treatment, as well as indications of each treatment's references to farmed versus wild salmon, and which direction (toward seafood risks or seafood benefits) the more "balanced" information treatments leaned. Prior to the auction, each participant was given an allowance of $70. One winner for each of the three products was chosen for each round (based on the high bid for that round), and each winner took home the product's voucher and remaining balance in cash; those who did not win took home the entire allowance amount in cash. A binding round mechanism, following Uchida et al. (2013) , was used to address the budget effect. After all six rounds were completed, one round was randomly chosen as the "binding" round, and the winner (high bidder) of that chosen round won the product. In cases where the same participant won two or more products, the participant chose which product to take home, and another round was randomly selected to determine the winner for remaining products.
Information Treatments
The information for each treatment was transcribed verbatim from the guidance documents discussed above. All information was provided as plain text, without graphics, layout, and source designations wherever possible (see the online supplementary appendix). This enabled us to test the impact of the information content itself, apart from confounding effects associated with photos, layout, and other graphics. More importantly, this approach allows the analysis to identify the impact of the information content separate from source, and how the two interact.
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The NAS information was presented in its original form, as it consists of a bar graph that would have been prohibitively confusing if described using only plain text. For University information, which is a wallet card, we maintained the four-box design but removed drawings and other unessential graphics.
The guidance documents placed varying degrees of emphasis on health risks versus benefits, and provided different degrees of detail on particular species. The FDA/EPA information emphasizes health risks due to mercury and explicitly mentions swordfish (along with other species such as shark, king mackerel, and tilefish) as species to avoid; it does not provide information on fish high in omega-3 fatty acids. The Industry information emphasizes the benefits associated with seafood consumption, and provides a list of the ten most popular seafood species below the FDA limit for mercury with the corresponding amount of omega-3 (DHA) fats. The milligrams of DHA in salmon stand out as large relative to all the other species on the list. There is no explicit distinction between wild and farmed salmon, while swordfish is mentioned as a fish to avoid, along with shark, king mackerel, and tilefish. The University information clearly identifies salmon, both wild and farmed, as a "Best Choice" while swordfish is clearly identified as "Do Not Eat," Altogether, fifty seafood products (species, and in some cases, species by farmed versus wild) are categorized into low, moderate, and high mercury columns. Finally, the NAS information shows that farmed and wild salmon top the list of species very low in mercury and high in omega-3 (farmed salmon is shown to be higher in omega-3 than wild salmon) and clearly identifies swordfish as one of the products highest in mercury content, while also having some omega-3 content, compared to twenty-five other seafood species. No information ---52
Note: Balanced (R) and Balanced (B) identify treatments that emphasized both risks and benefits, but gave more emphasis to risks or benefits, respectively.
12 Providing the original informational materials with graphics and layout would have unavoidably identified the source of the information concurrently with information content. The approach described here allowed us to present the information content without revealing the source.
An additional treatment was created that combined the FDA/EPA and Industry information identified above (referred to as FI information). This hybrid was designed to ensure both benefit and risk information was provided.
Data
The experiment's sessions were conducted from November 2012 to July 2013, with sessions administered statewide across Rhode Island. A total of thirty-two sessions were completed, including 360 participants. Each experimental session had an average of eleven participants. Table 1 shows the number of session participants for each of the five possible information treatments.
Some strategic behavior was detected across all sessions, where respondents simply pocketed the initial allowance ($70) and did not make meaningful bids for seafood products. These non-engaging participants were defined as those who bid below $0.50 for each of the three products throughout the entire six rounds. Based on this criterion, twenty non-engaging participants were dropped from the analysis, resulting in a usable sample of 340 individuals and 5,760 data points (bids). Table 2 shows descriptive statistics for the 340 participants, including information on gender and age, given that seafood risk groups include "women who might become pregnant, women who are pregnant, nursing mothers, and young children," (EPA 2004). Female participants constituted slightly more than half of the sample (58.7%); 78.4% of women were in their forties or younger, and 15% had children younger than five years old. There were no significant differences between participating males and females in terms of age distribution, average age, and household size.
Among popular seafood products, respondents consumed tuna and shrimp most frequently (table 2). The survey asked for frequency of consumption for each species in any product form, thus the bulk of tuna consumption is likely in canned form. Salmon and cod or haddock were consumed less frequently. The average frequency of consumption of swordfish was once every few months, which may be affected by seasonality.
Descriptive statistics on the bids, after removing non-engaging participants, are shown in table 3. For the treatment group, salmon products had no clear trend in average bids across rounds. This provides preliminary evidence that health benefit information for salmon may have had limited impact on participants' WTP. For swordfish, a large drop in bids occurs between the initial-and information-content-treatment rounds, which suggests that participants reacted to health risk information. However, no significant difference in bids was observed for the information source treatment. Control group bids exhibit gradual attenuation over rounds. This may be because they had to endure the entire six rounds without any information interventions, and thus felt more fatigue than the treatment group. To accommodate this pattern we include a control variable for rounds, as discussed below.
Model Estimation and Hypothesis Testing
The estimated DiD model (based upon equation (1) above) is specified as:
where bid ijkt is the bid offered by individual i for product j based upon information treatment k in round t, with t ¼ [1,6] indicating the round number. The variable Round, a trend variable from one to six, captures possible learning or fatigue effects (Uchida et al. 2013 ). The dummy (binary) variable InfoC denotes rounds 3 through 6, after the information content was provided, and another dummy variable InfoS denotes rounds 5 and 6, after the information source was provided. Note: B1 indicates "Block 1" and includes rounds 1 and 2. Similarly, B2 includes rounds 3 and 4 (after information content treatment), and B3 includes rounds 5 and 6 (after information content and source treatments). Superscript a indicates that store prices are the average across the time period of the experimental sessions of the supermarket that issued the vouchers. swordfish}. The impacts of information treatments (content and source) for each species are further decomposed by including threeway interaction terms with PROD j . To avoid perfect multicollinearity, PROD ¼ swordfish and INFO ¼ NoInfo were set as the base. As shown in equation (5), the model is specified as a linear mixed model (Verbeke and Molenberghs 2013) . The random parameter w ij captures heterogeneity in preferences for product type j, and / i captures overall heterogeneity, where subscript i references individual participants. The hierarchal structure of the estimated model is shown in figure 2 . Least squares and panel fixed effects models are also estimated for comparison.
For the linear mixed model, an additional complication is that the error term ijkt cannot be assumed to be independent and identically distributed (i.i.d.). Since the unit of observation is a single bid for a given individual, individual i's bids-and hence the error termsare expected to be autocorrelated across rounds (Besley and Case 2000; Bertrand, Duflo, and Mullainathan 2004) . Panel correlation of the bids of each individual across the different product types is also expected. On the other hand, it may reasonably be assumed that the errors across individuals are independently distributed. Thus, a clusterrobust estimation was applied, accounting for clustering of all bids made by individual i (level 3 of figure 2) . 13 This approach incorporates correlations of error terms within a cluster and generates a heteroskedasticity-robust covariance matrix. Different clustering structures (e.g., at the product level) were also tested, but these specifications reduced model goodness-of-fit relative to the illustrated model.
Results
Results for the least squares, panel fixed effects, and linear mixed models are presented in table 4. Goodness-of-fit indicators suggest that the panel fixed effects model is favored over both the least squares and linear mixed model. However, we base our discussion on results from the linear mixed model for theoretical and empirical reasons. First, there is no theoretical reason to assume that participants have homogenous preferences for seafood and reactions to information treatments. Second, the linear mixed model allows for more flexible random effects-here we included random effects at the product level and individual level. Results suggest that the variance of both random parameters is statistically significant. The final linear mixed model is statistically significant at p < 0.0001 (Wald v 2 ¼ 262.22, df. ¼ 74). Product dummy variables for wild and farmed salmon are both statistically significant. Signs of these coefficients indicate that without any information interventions, wild salmon is valued most, followed by swordfish; farmed salmon is valued least. In contrast (and as expected), treatment group dummy variables are all statistically insignificant, indicating that there are no systematic differences-or biases-among the different treatment groups. Coefficients on some interaction terms are statistically significant, and on average more so for interactions with information content (InfoC) than interactions with information source (InfoS). This suggests that information content had more impact on consumers' bids than the source.
As stated above, RQ1 asks whether information treatments (including both content and source effects across different species) had any significant impact on marginal willingness to pay, w jt . The null hypothesis is specified based upon equation (5) Figure 2 . Hierarchal structure of linear mixed model 13 An alternative approach to serial correlation is to specify a particular structure such as AR(1). However, Bertrand, Duflo, and Mullainathan (2004) found that parametric AR(k) correction for serial correlation has little effect in practice. is an indicator variable that equals 1 if j ¼ (wild salmon, farmed salmon) and 0 if j ¼ swordfish. Following equation (5), content effects are captured byĝ k andq jk , while source effects are captured byĥ k andŝ jk . Table 5 presents the results. A few findings are of particular relevance. First, none of the information treatments has a statistically significant effect on bids for farmed or wild salmon, including those emphasizing the health benefits of salmon (e.g., Industry, University, and NAS information). Second, there were several statistically significant negative effects of information on bids for swordfish from the same information sources. The strongest effect was from University information, which clearly lists swordfish as a species to avoid for its targeted audience, followed by the NAS information, which shows higher concentrations of mercury in swordfish than many other species. We find the same effect from information treatments that provide both types of information concurrently. Results also show that two out of the five information treatments (the FDA/EPA and Industry treatments) have no statistically significant positive or negative effect on any of the three tested products.
Taken together, these findings lead to three general conclusions: (a) as a whole, currently used information treatments appear to have few discernible effects on seafood demand in this controlled auction setting; (b) where statistically significant effects do occur, they are negative; and (c) effects vary across information treatments. Conclusions (a) and (b) parallel findings of and Marette, Roosen, and Blancemanche (2008), suggesting that information about health benefits has no discernible effect on consumers' choices. However, negative information can reduce consumption. Unlike Shimshack and Ward (2010) , we find that demand reductions caused by health risk advisories are limited to high-risk species. Demand for healthful alternatives (here, wild and farmed salmon) does not decline. Conclusion (c) is unique to this study; the comparison of results across different information treatments provides insight on variations across the effect of different consumer guidance materials not available from prior studies of single treatments or advisories Marette, Roosen, and Blancemanche 2008; Roosen et al. 2009; Shimshack and Ward 2010) . Additional discussion of these results is provided below.
Research Question 2 (RQ 2) asks whether the information treatment alters the relative WTP for different species pairs. That is, once participants are provided with both information content and source, does the difference in the bids between species i and j change? The resulting null hypothesis between swordfish and wild or farmed salmon for information treatment k is H 0 :q jk þŝ jk ¼ 0, where j is either wild or farmed. The parallel test between wild and farmed salmon for information type k is H 0 :q wild;k þŝ wild;k ¼q farmed;k þŝ farmed;k .
As shown in table 6, there are multiple effects on the difference in bids between seafood species. Most of the statistically significant differences appear between bids for salmon (either farmed or wild) and swordfish, where statistically significant effects are found for almost all information treatments. In all cases, the difference in bids between salmon (farmed and wild) and swordfish becomes larger, with this change primarily driven by the reduction in swordfish bids caused by several of the information treatments. For example, the provision of University information increases the difference between bids for wild salmon and swordfish by approximately $2/lb. This increased difference is largely due to the statistically significant decrease in swordfish bids shown in table 4. Of those information treatments where farmed and wild salmon were explicitly differentiated, only the NAS information treatment showed a statistically significant effect on the difference in bids for these two products. The NAS information explicitly shows that farmed salmon has more beneficial omega-3 fatty acids than wild salmon, leading to a statistically significant increase in farmed salmon bids compared to wild salmon bids ($0.73/lb). That is, information showing that farmed salmon has more omega-3s than wild salmon appears to cause a statistically significant increase in WTP for farmed salmon relative to its wild counterpart.
14 This finding is relevant, as it shows that some (but not all) types of health benefit information can cause relative increases in the demand for some species compared to others.
Taken together, tables 5 and 6 tell a consistent story: health risk information pushed bids for swordfish (a species highlighted as high in mercury) downward, with bids for farmed and wild salmon largely unaffected. Health benefit information, for the most part, did not affect the bids. In only one case (NAS information) do we find a statistically significant effect of heath benefit information (on the difference in bids between wild and farmed salmon). The resulting no information (e.g., the baseline) preference ordering of species is wild salmon, swordfish, and farmed salmon (table 4). The information treatments (tables 5 and 6) alter this preference ordering, with farmed salmon preferred to swordfish, driven primarily by a reduction in bids for swordfish.
The third test for RQ3 is whether the change in risk perceptions, and hence the effect on w jt , depends both on q S and u S (equation 4) as determined by information treatment S ig for given product type j. The first null hypothesis is H 0 : DiD j;k ¼ DiD j;kk , or
, where d j is defined as above for the first test and k and kk represent two different information treatments (k 6 ¼ kk). That is, does the effect on bids for each species differ significantly between different information treatments (e.g., FDA/EPA versus University), considering the combined effect of both information content and source?
Hypothesis tests find no statistically significant differences in the effect of different information treatments for the two salmon products; the effect on bids for wild and farmed salmon (reflecting the extent to which individuals update risk perceptions for these species) does not vary significantly across treatments. Taken together with results from table 5, this implies that all five information treatments were equally ineffective in altering consumers' risk perceptions for farmed and wild salmon.
In contrast, results identify statistically significant differences in treatment effects for swordfish associated with the University treatment (table 7) . Specifically, the University information treatment caused significantly greater reductions in swordfish bids than all other treatments. For example, the University information treatment caused a reduction in the swordfish bid that was $1.35/lb. greater than that caused by the FDA/EPA information treatment. The reason for this finding is unclear, but suggests that simplified "wallet card" guidance (i.e., the University treatment) may have a greater negative effect on WTP for high-risk seafood products than lengthier, more complex messages (i.e., u S , Industry, and FDA-Industry treatments).
The final hypotheses-motivated by the Bayesian risk learning framework outlined above-consider whether risk (and hence demand) updating is driven primarily by information content, source, or both. The specific hypotheses to be tested are (a) whether the information content alone affects bids, and (b) whether revealing the source of information causes an additional change in bids, beyond that caused by the information content alone. The respective null hypotheses are
where d j is again an indicator variable that equals 1 for j ¼ wild and farmed salmon, and 0 for j ¼ swordfish.
As shown in table 8, neither the information content alone nor the source had significant impacts on bids for salmon products, regardless of information type. This is expected since the total effect of information treatments (source and content) for salmon products was insignificant (table 4). Recall that for swordfish, however, the total effect of certain information types on bids is negative (i.e., FDA/ EPA, University, and NAS; table 4). Table 8 shows that this influence is related to information content (from University and NAS guidance) rather than source. Summarizing these findings, no additional effects on bids are found to be caused solely by revealing the information source-when bids are affected by information treatments, all effects are caused by information content itself. Viewed from a Bayesian risk learning perspective, this implies that the weight (u S ) given to updated risk information q S (i.e., the information content) did not vary across sources.
Effects of Individual-Specific Characteristics
Although omitted here for conciseness, models included in the online supplementary appendix consider whether certain individualspecific characteristics may influence the effect of information treatments. For example, given that much of health risk information is targeted at certain female populations (e.g., pregnant women), one might consider whether gender has a significant influence on model results. Also, an individual's frequency of seafood consumption, used as a proxy for underlying preference for seafood, might also affect the influence of health information. Models designed to test these hypotheses are based on equation (5); see the online supplementary appendix for details and full estimation results. We briefly summarize the results of these models here.
The primary results are similar to those from the main model discussed above. Most of the gender interaction terms are statistically significant. Female participants reacted more positively to farmed salmon than males given the content of University information, but this effect diminished when the source was revealed. A few interactions of information content with seafood consumption frequency are also statistically significant. Most notable is a significantly positive estimate for swordfish with the content of Industry and University treatments, suggesting that individuals with high consumption frequency may (perversely) react to consumption advisories by increasing rather than decreasing consumption for high-risk species. The reason for this is unknown, but may be due to the tendency of high-frequency consumers to perceive risks or update their perceptions differently than low-frequency consumers. Taken together, results of these gender and frequency models suggest that individualspecific characteristics can influence the effect of seafood consumption guidance for particular treatments, as expected. However, the principal results identified above continue to hold.
Discussion and Implications
Numerous public and private organizations issue guidance that promotes informed seafood consumption. The content and format of these advisories vary. Guidance from the seafood industry (Industry) emphasized health benefits, while acknowledging that some species carry risks for certain populations. The governmental advisory (FDA/EPA) focused on mercury risk to some groups and recommended that certain species be avoided by these groups. The University card sought to simplify the data and identify the best and worst seafood choices, considering both omega-3 and mercury content. The NAS graphic presented quantitative information on omega-3 and mercury content, and left it up to the consumer to interpret and balance these data. While all advisories suggested that consumers should avoid swordfish, only some mentioned salmon as a beneficial species, and even fewer distinguished wild and farmed salmon. This variation provides fertile ground to assess the relative effectiveness of guidance materials on seafood choices, given differing emphasis on benefits, risks, population groups, and species. This variation also allows for comparison of the effect of different guidance materials on seafood species at opposite sides of the health risk spectrum.
Model results support two primary conclusions. First, none of the treatments promote risk balancing in seafood choices. The change in WTP (reflecting underlying risk perceptions) for swordfish is negative for some treatments, but there are no positive changes for salmon (either farmed or wild). Thus, information on the health benefits and risks of seafood is effective at decreasing demand for seafood products with greater health risks, but not at increasing demand for products with greater health benefits. This general finding is consistent with previous studies of other food products. For example, Fox, Hayes, and Shogren (2002) find that "unfavorable" information has a greater influence than "favorable" information on bids for irradiated pork.
Second, effects on seafood demand are sometimes but not always identical across information treatments. Unlike prior work whose conclusions are limited to single, generic information treatments or advisories (e.g., Roosen et al. 2009 ), here we demonstrate that effects on seafood demand can vary across guidance documents prepared by different public and private organizations. For example, some treatments reduced WTP for swordfish, while others did not, and the effects on WTP for swordfish also vary. These effects are motivated by differences in information content rather than differences in source.
Although our results are broadly consistent with prior findings on risk updating and food demand, they question the extent to which some prior results on seafood demand can be generalized. For example, our results stand in contrast to those of Shimshack and Ward (2010) . Their analysis of scanner data concluded that a 2001 FDA seafood consumption advisory led to demand reductions for many beneficial seafood products not targeted by the advisory, in addition to reductions for targeted high-risk species. In contrast to the approach of Shimshack and Ward (2010) , our randomized experimental trials allow direct control over information treatments and control groups. Within this setting, we find no statistically significant spillover effects; information treatments highlighting the mercury content of swordfish do not have a negative effect on bids for wild or farmed salmon.
In addition, our results demonstrate that type and format of information is relevant, even for treatments communicating similar advice. For example, the two treatments having the most prominent (negative) effects on swordfish bids were the University and NAS treatments-two relatively simple, largely visual formats. In contrast, FDA/EPA information-despite its heavy emphasis on mercury risk-had no statistically significant impact. While model results cannot identify the reason for this discrepancy, it might have been due to the emphasis of the FDA/EPA document on longer, textual descriptions. This interpretation coincides with arguments presented by Roosen et al. (2009) , that complex health messages might have "relatively poor efficacy." Another possible explanation for this finding-that consumers might not trust information provided by the government-is refuted by results in table 8.
One intriguing possibility suggested by these results is that groups who wish to promote consumption of seafood rich in omega-3 fatty acids, yet low in mercury (e.g., the USDA in its new dietary guidelines) might consider phrasing health benefit information in terms of "risk avoidance" rather than health benefit. For example, advisories could explain that failure to consume a sufficient amount of fish high in omega-3 increases the risk of cardiac arrest (Mozaffarian and Rimm 2006) . The effectiveness of such reframed messages on seafood demand is currently unknown, and represents a potentially fruitful area for future research.
From a broader perspective, results of the present study highlight potential insights available through controlled experimental analyses of multiple consumption advisories or information treatments, rather than reliance on responses to a single treatment. Regardless of data quality or model sophistication, analyses of single interventions are restricted in terms of the generality of conclusions that can be drawn. Here, experimental evaluations of multiple information treatments enable comparative insights into the responsiveness of seafood demand unavailable from prior, singleintervention analyses. Although most results are consistent with prior models of food and seafood demand, the variation in findings across certain treatments raises the prospect that improvements in treatment design may enable the provision of more effective guidance to seafood consumers.
Supplementary Material
Supplementary material is available at American Journal of Agricultural Economics online.
